Use of endoscopic ultrasound (EUS)-guided tissue acquisition (TA) of pancreatic lesions has increased dramatically over the last 20 years [1] . Following the initial publication on this subject, EUS-guided TA has become the method of choice to establish a pathological diagnosis of solid pancreatic lesions [2] .
ABSTR AC T
Background and study aims Endoscopic ultrasound (EUS)-guided tissue acquisition (TA) is the method of choice for establishing a pathological diagnosis of solid pancreatic lesions. Data on quality and yield of EUS-guided TA performed in community hospitals are lacking. A study was performed to determine and improve the diagnostic yield of EUS-guided TA in a group of community hospitals.
Methods Following analysis of the last 20 EUS-guided TA procedures of solid pancreatic lesions performed in each of four community hospitals, a collaborative EUS interest group was formed and a prospective registry was started. During meetings of the interest group, feedback on results per center were provided and strategies for improvement were discussed. . Multivariate regression analysis revealed team formation to be the only variable significantly associated with an increased rate of adequate sample.
Results

Conclusions Formation of a regional EUS interest group
with regular feedback on results per center, and discussions on methods and techniques used, significantly improved the outcome of EUS-guided TA procedures in patients with solid pancreatic lesions in community hospitals.
dle aspiration (FNA) of solid pancreatic lesions: 1. rate of adequate sample 85 %; 2. diagnostic yield of malignancy 70 %; and 3. sensitivity of malignancy 85 % [5] . EUS-guided TA of solid pancreatic lesions is a complex, multistep process in which several equipment and operator variables may impact the diagnostic yield. Factors such as: needle size, needle type, amount and type of suction applied, number of passes, presence of onsite cytopathological evaluation, and operator experience have been extensively studied in well-designed randomized trials [6 -16] . These studies have almost exclusively been performed in tertiary referral centers.
Data regarding practice variation in pancreatic EUS-guided TA are limited. In a large multicenter retrospective study, including 1075 patients with solid pancreatic lesions from 21 centers, they found the diagnostic yield of malignancy per center ranging from 39 % to 93 % (first quartile 61 %; third quartile 85 %). The majority of these (81 %) were academic centers, all but one located in the United states [17] . A recent publication found marked regional differences regarding use of EUS and EUS-guided TA in the province of Ontario, Canada [18] . These publications both show significant differences regarding EUS practice and yield between different centers and different regions.
In the Netherlands, as in many other countries, EUS-guided TA is also practiced in the majority of larger community hospitals. Data in the literature are lacking on results of EUS-guided TA from solid pancreatic lesions in community hospitals. We performed a study in patients with solid pancreatic lesions aiming to: 1. determine practice variation regarding yield of EUSguided TA in patients with solid pancreatic lesions; and 2. improve quality and yield of EUS-guided TA in a collaborative group of four community hospitals in the Rotterdam region, Zuid-Holland, the Netherlands.
Methods
First, we retrospectively analyzed the diagnostic performance of the last consecutive 20 EUS-guided TA procedures of solid pancreatic lesions in each of the 4 community hospitals in the province of Zuid-Holland in the Netherlands (the BEFORE cohort). These procedures had all been performed in 2014.
Next, from January 2015 on, a regional EUS interest group was formed and regular team meetings were organized. The formation of this interest group and its three annual meetings was initiated and organized by community hospital endosonographers. Endosonographers and trainees from the local tertiary center were involved from the beginning and attended all meetings. At the first meeting, the results of the retrospective analysis were extensively discussed, as were possible strategies to reduce practice variation and improve diagnostic yield. At subsequent meetings, guidelines, techniques and materials, and tips and tricks were exchanged by means of formal presentations and open discussions, and EUS case video recordings were presented and discussed.
Prospective data were collected between January 2015 and September 2016 (The AFTER cohort). During this period, five EUS interest group meetings were organized. Feedback on performance per center was provided once a year. Based on data provided during team meetings, each local endosonography team decided to change or maintain their practice. No specific protocols or materials were prescribed by the regional team or any of its members.
The primary outcome variable for both cohorts was rate of adequate sample, defined as proportion of procedures yielding specimen sufficient for cytological and/or histological analysis. Secondary outcome variables were diagnostic yield of malignancy: proportion of procedures yielding a malignant diagnosis; sensitivity for malignancy: true positives divided by the sum of true positives and false negatives; and diagnostic accuracy defined as the sum of true positives and true negatives divided by the total number of diagnostic procedures. The primary and secondary outcome variables, except diagnostic accuracy, were previously defined as ASGE quality indicators.
Data on EUS-guided TA procedures collected from both the BEFORE, and AFTER cohorts included: patient demographics, localization of the pancreatic mass, hospital, endosonographer, needle diameter (19 -22 -25 G) , number of passes, use of any suction technique (yes/no) and the result of the cytological and/or histopathological evaluation of the EUS-guided TA specimen, and whether an EUS-guided TA procedure was repeated following the initial procedure. The results of cytological and/or histopathological evaluation were stratified as follows: malignant, non-malignant, unclear, and non-diagnostic i. e. insufficient material for diagnosis. As a reference standard, the final diagnosis based on a minimum of 12 months of clinical followup and/or histopathology and/or surgical resection specimen was used.
In the AFTER cohort, additional data were collected including tumor size, ultrasonography characteristics of the mass (echogenicity, vascularity, delineation, homogeneity), consistency of the mass, puncture location (ie. stomach or duodenum), type of EUS needle (fine-needle aspiration[FNA]/fineneedle biopsy [FNB] ), type of suction (vacuum/slow withdrawal of stylet), type of liquid-based cytology (LBC) medium used (Cytolyt, Cytotich Red, other), and presence of on-site cytopathological evaluation during EUS-guided TA.
In each of the collaborating hospitals, 200 to 300 EUS procedures are performed annually. All endosonographers were formally trained in endosonography for at least 1 year at a referral center. During formal training, each endosonographer performed at least 250 EUS procedures, including 100 pancreaticobiliary cases and at least 50 EUS-guided TA procedures. Post-training EUS experience ranged from 1 to 12 years while performing an average of 80 procedures per year (range 60 -200). Patient selection and techniques and materials used were all at the discretion of the local clinicians and according to local availability of equipment and hospital standards.
Statistics
To detect a significant difference in the rate of adequate sample from 80 % to 95 %, with α = 0.05 and power of 0.9, the required number of procedures in the AFTER cohort is 97.
Data are presented as median and range for continuous variables, and as counts with percentages for categorical variables.
Point estimates are presented with 95 % confidence intervals (CIs). Categorized variables were analyzed using Fisher's exact test or chi-square test, as appropriate. Quantitative variables were analyzed using Welch's t-test. A Mann-Whitney U Test was used for not normally distributed variables.
Sensitivity and diagnostic accuracy were calculated using 2 × 2 contingency tables and compared using n-1 chi-square testing [19] .
Univariate logistic regression analysis was performed to identify factors associated with rate of adequate sample. Variables with P < 0.1 during univariate analysis were tested in a multivariate model.
The study protocol was approved by the local ethics committees of the four hospitals.
Results
Between September 2014, and September 2016, 213 consecutive EUS-guided TA procedures of solid pancreatic lesions were included in our study. The BEFORE cohort consisted of 66 unique patients who underwent a total of 80 EUS-guided TA procedures. The AFTER cohort consisted of 125 unique patients who underwent a total of 133 procedures.
In the BEFORE cohort, patients were significantly younger in comparison to the AFTER cohort. In the AFTER cohort, the proportion of patients with a final diagnosis of pancreatic malignancy (= reference standard) was higher in comparison to the BEFORE cohort (89 %, (95 %CI [0.8 -0.9]) vs 72 %, (95 %CI [0.6 -0.8]) (▶ Table 1 ).
The number of patients in whom a second procedure was performed to achieve diagnostic accuracy decreased from 
Effect of team formation on endosonography behavior
In the AFTER cohort the median number of passes increased significantly from 2.0 (range 1 -5) to 3.0 (range 1 -6) (▶ Table 3 ). In the BEFORE cohort only one pass was performed in 29 out of 80 cases (36 %) compared to 14 out of 131 (11 %) in the AFTER cohort (▶ Fig. 1 Table 3 ). In hospitals B and C needle diameters did not significantly change. In hospital A the 25G needle was introduced after team formation and used in 10 of 24 cases (42 %). Use of 22G needles in this hospital was reduced from 100 % to 58 % accordingly Although use of suction in the BEFORE cohort was only reported in 53 % of cases (with 38 out of 80 missing), use of any type of suction overall increased from 35 % to 96 % in the AFTER cohort (difference 61 %, 95 %CI [0.5 -0.7]). In the BEFORE cohort hospitals B and D did not report on use of suction in the majority of cases. In hospitals A and C use of suction was reported in both cohorts (▶ Table 3 ).
Variables associated with non-diagnostic procedures in univariate and multivariate analysis
In univariate regression analysis formation of a regional team of endosonographers and decreased use of 19G needles were associated with a reduced proportion of non-diagnostic procedures i. e. an increased rate of adequate sample (▶ Table 4 ). Multivariate regression analysis, including use of 19G needles (yes/no), and before/after team formation in the model, showed only the latter variable to be significantly associated with an increased rate of adequate sample (OR 5, 95 %CI [2 -13], P < 0.01).
Practice variation in the AFTER cohort
In the AFTER cohort significant differences between the centers remained regarding choice of type and diameter of needle, number of passes performed, use of suction, type of suction, presence of on-site cytopathological evaluation, and choice of liquid-based cytology medium.
The median number of passes performed per hospital ranged from 1.0 in hospital B to 3.0 in hospitals D (difference 2.0, 95 %CI [1.8 -2.6]) (▶ Table 3 ). Center A used FNA needles only, compared to center C using FNB needles in 80 %. Centre B used 25G FNA needles in 78 %, whereas center D mostly used 22G FNA and/or FNB needles. In 42 of 133 cases (32 %) on-site cytopathological evaluation was available during EUS-guided TA, ranging from 0 % to 47 % in the different hospitals. In two of four centers no on-site cytopathological evaluation was available. We observed a trend towards performing fewer passes with FNB/core needles in comparison to FNA needles. None of the technical aspects of the procedure (i. e. puncture location, type of needle, type of suction, use of stylet, type of liquid-based cytology medium used, or presence of onsite cytopathological evaluation) were significantly related to rate of adequate sample or diagnostic yield for malignancy in univariate and multivariate regression analysis.
▶
Adverse events
One case of post EUS-guided TA pancreatitis was reported in the AFTER cohort, requiring hospitalization for 2 days. No other adverse events were reported.
Discussion
Formation of a regional EUS interest group with regular team meetings that include presentations of EUS case video recordings, literature discussions, and feedback on performance per center pending this study significantly improved the outcome of EUS-guided TA in patients with solid lesions of the pancreas in community hospitals and reduced practice variation.
By means of this intervention, the adequacy of the samples increased from 80 % to 95 %. Diagnostic yield of malignancy increased from 28 % to 64 %. Sensitivity for malignancy increased from 63 % to 84 %, and diagnostic accuracy from 58 % to 74 %. As a consequence, the proportion of patients requiring a second EUS-guided TA procedure to achieve an adequate diagnosis was reduced from 18 % to 7 %.
Practice variation was reduced regarding techniques used (behavior of endosonographers) and outcome. The two hospitals that initially were underperforming showed an improvement up to the level of the two other hospitals. In the AFTER cohort only minor differences between hospitals regarding outcome of EUS-guided TA remained.
Team formation led to changes in behavior of endosonographers. Significant changes in behavior were made in both initially underperforming hospitals A and D. After team formation, EUS-guided TA procedures in patients with solid pancreatic lesions in these hospitals involved more passes, use of less 19G and more 25G needles, and more consequent use of suction, and therefore were more in line with the guidelines [20] . It remains unclear whether and to what extent these changes affected outcome.
The fact that hospitals B and C, both with reasonable outcomes in both BEFORE and AFTER cohorts, also deviated from ▶ Table 4 Variables associated with non-diagnostic procedures in univariable and multivariable analysis.
Univariate (1 Results of univariate logistic regression analysis investigating nine variables as potential predictors of non-diagnostic procedures, and of the multivariate analysis using variables significant at P < 0.1 in the univariate analysis. Age, sex, mass localization (pancreatic head yes/no), number of passes (< 3 yes/no), use of any type of suction (yes/no), endosonographer experience (> 3 years posttraining yes/no), and endosonographer training program (Erasmus Medical Center yes/no) had P values > 0.1 in univariate analysis and were therefore not included in the multivariate analysis. Significant results are bolded the guidelines does not add to clarity regarding this subject. This is illustrated by the low median number of passes in hospital B, in both BEFORE and AFTER cohorts (1.0 in both cases) in contrast with the guidelines, which suggest three to four passes be made with an FNA needle and two to three passes with an FNB needle. Besides, multivariate logistic regression does not support that changes regarding behavior have led to an improved outcome. This may be due to the limited sample size, but may also suggest that non-measured variables play a role. It appears that the improved yield in our study is related to more than just the "technical" variables measured. The endosonographers' (postgraduate) learning curve, the quality of the preparation of smears, the techniques used at the cytopathology lab, the experience of the local cytopathologist, and the quality of communication with the local cytopathologist are examples of variables likely to be involved.
Taking into consideration the differences in median age and reference standard between the groups BEFORE and AFTER, case selection was also affected. The increased proportion of patients with a malignancy after team formation may partially be explained by the currently higher demand for EUS-guided TA in individuals with solid pancreatic lesions expected to undergo neoadjuvant chemotherapy.
The rate of adequate sample is the most valuable outcome measure because it is independent of prevalence of malignancy in both groups. Multivariate regression analysis showed that team formation was significantly associated with an increased rate of adequate sample. The number of needle passes, needle type, needle diameter, use of suction, presence of on-site cytopathological evaluation, endosonographer experience and endosonographer training program were not significantly associated with the increased rate of adequate sample. It has to be noted, however, that limitations in sample size for each individual parameter prohibit a more detailed analysis. This is the first study to explore the quality of and ways to improve quality of EUS-guided TA of pancreatic lesions in community hospitals. It is the first study to promote a regional multicenter team-based approach to improve outcome [21] .
The retrospective nature of data collection in the BEFORE cohort is a potential limitation of the current study. Nevertheless, we selected consecutive cases in an attempt to limit selection bias. Another potential limitation is the variety of techniques and materials used. Choice of needles and other technical aspects of the procedure were at the discretion of the local clinicians. However, this was intentional as we were not testing the implementation or change of a single variable, for example, a specific needle type and size, but the behavior of the whole endosonography team within a hospital when regularly exposed to contact and interaction with colleagues from other hospitals jointly discussing potential ways to improve outcome.
A meta-analysis performed in 2012 showed higher sensitivity in prospective compared to retrospective studies, as well as in multicenter compared to monocenter studies [4] . We also observed this effect, which is most likely because of regular feedback and communication between centers. Moreover, the EUS team comprising endosonographers, nursing staff, cytotechnicians, and pathologists were aware that their performance was being monitored and compared to others. This effect on healthcare providers behavior is also known as the Hawthorne effect and is usually regarded as bias [22] . We argue that in the current study it is a desired effect, because of its positive effects on the quality of EUS-FNA while taking into consideration that it is not a one-time stimulus to behave differently, but a continuous incentive to do better as education and comparative performance measurements continue.
The results achieved after team formation are largely in line with performance targets regarding EUS-guided TA of solid pancreatic lesions proposed by the ASGE in 2015 [16] . Sensitivity after team formation is comparable to the pooled sensitivity of 85 % reported by Hewitt et al. in their meta-analysis, and also in line with the ASGE performance target of 85 %. However, with a diagnostic yield of malignancy of 64 %, our results do not yet meet the proposed performance target of 70 %. Clearly this is an area for future improvement. The proposed ASGE performance targets are based on a multicenter retrospective study by Savides et al, with 1075 patients who underwent EUS-FNA of solid pancreatic lesions at 21 centers of which 81 % were tertiary referral centers. In this publication it is stated that a diagnostic yield of less than 52 % should prompt centers to evaluate reasons for their low yield [17] .
Inclusion in the current study of solely community hospitals, all of which can be considered low-volume centers, shows that significant progress can be made regarding quality and yield of EUS-guided TA of solid pancreatic lesions by means of the formation of regional EUS interest group. We intend to continue and expand our collaborative activities, including prospective registration of data on EUS procedures, aiming for continuous improvement of outcome and care. We hope that expanding our prospective registry will allow us to clarify questions regarding the value of specific materials and techniques, such as presence of on-site cytopathological evaluation in EUS-guided TA of solid pancreatic lesions in community hospital practice in the future.
We would recommend that all centers performing EUS-guided TA continuously monitor their yield as a quality indicator. The most simple and straightforward way is to monitor the rate of adequate sample. If more than one of seven procedures yields an inadequate sample, additional measures should be undertaken including scrutinizing each aspect of the local protocol, initiating detailed communications with the local cytopathologist, and consulting local and/or regional colleagues.
Conclusion
In summary, formation of a regional EUS interest group with regular team meetings that include feedback on performance per center significantly improved the outcome of EUS-guided TA in patients with solid lesions of the pancreas in community hospitals and provides a framework for continuous improvement of care for these patients.
